Molecular dynamics simulations and theoretical bisulfite probing.
GGGCCC (Suppl. Table S1) indicates that these results are inconsistent with the experimental data. This is a consequence of the simplicity of the current version of the probing algorithm, which depends solely on van der Waals' contacts and does not contain an electrostatic component.
Supplementary DISCUSSION
Rarely are probes of DNA structure investigated beyond the notion that they are, for instance, "single-strand specific." While single-stranded DNA might react much more than double-stranded under the specific conditions and substrates tested -which are often not uniform between studies and laboratories -one cannot be certain that the probe never reacts with any structures considered double-stranded, or that it always reacts with structures considered single-stranded. "Singlestranded" typically refers to loss of standard Watson-Crick base pairing, but structurally might mean several different things (e.g., strand separation or unwinding, base flipping out, partial hydrogen bonding, syn base conformation, and other possibilities). For a given probe, extensive analysis of which structures react and which do not react is usually not done. In short, reactivity does not always mean single-strandedness, lack of reactivity does not always mean lack of single-strandedness, and the definition of single-strandedness may not be clear in all circumstances.
Our probing of oligonucleotides containing sequences of known structure is the first examination of these issues for bisulfite. We find large differences in reactivity between different cytosine positions on the same substrate, as well as between substrates with small sequence differences. These differential bisulfite reactivities reflect structural differences between the cytosine environments. When cytosines at the edges of a duplex react more than those at the center, or when those on supercoiled DNA react more than those on linearized, there are simple structural explanations. However, the structural reasons underlying differential reactivities between cytosines within double-stranded regions -or more generally, the specific pattern of bisulfite reactivity within dsDNA -are much less clear.
There are thought to be three requirements for bisulfite-catalyzed cytosine deamination: (1) addition of the sulfonate group to the C6 position, (2) protonation of the N3 position, and (3) water or hydroxyl ion attack of the C4 position with displacement of the amino group [1] . Increase in reactivity could occur at one or more of them.
One explanation for differential cytosine reactivities might be breathing. Unpairing of cytosine from guanine and increased exposure to solvent would allow the sulfonate group to be added more easily, and is likely required for protonation. Consistent with this idea, increased breathing correlates with increased reactivity when comparing consecutive cytosines to alternating guanine-cytosine dinucleotides. We see the bulk of reactivity in the bcl-1 at stretches of consecutive cytosines.
However, the level of reactivity is far beyond what is expected from the equilibrium constants of breathing (on the order of 10 -6 ) and the pseudo-first-order rate kinetics of the bisulfite reaction (4.6 ⋅ 10 -4 /s for 5 M). Based on these numbers, one would expect cytosines to react less than 1% of the time over 16 hours. In fact, we observe reactivities in excess of 20% for certain cytosine positions. Therefore, other structural factors must account for this excess reactivity. In this context, it is of note that the CD data for the GGGCCC sequence indicates a B/A-intermediate structure, which is also consistent with X-ray data for the same sequence. Broadly similar conclusions emerged from a molecular dynamics simulation, and theoretical bisulfite probing of this structure suggested that it might be more accessible to bisulfite compared to a B-DNA conformation. These results seem to indicate that bisulfite reactivity may be a reflection of previously unappreciated or unapproachable aspects of DNA structure.
Supplementary EXPERIMENTAL PROCEDURES Bisulfite on genomic DNA and pSH9
Genomic DNA from Reh cells was probed with bisulfite as described previously, using the same bisulfite mixture as above [2] . PCR was done using primers SH5, ataaggctgctgtacacatc, and SH6, ggaggaacgctaaccaagcc, using 35 cycles of 94° C, 1:00; 58° C, 0:45; 72° C, 1:30; with an initial denaturation 95° C, 5:00 and final extension 72° C, 4:00. 1 The data reflect the accessibility of position 5 of each cytosine to a bisulfite probe (see Supplementary Results) 2 d(GGGC 1 C 2 C 3 ) d(GGGC 4 C 5 C 6 ) (see Fig. 2 ) 3 Average structure over 50000 structures from a 10-ns molecular dynamics trajectory Bisulfite accessibility in the four different DNA conformations, calculated as the number of different allowed pathways of approach of the bisulfite to cytosine C5 to a distance of 3 Å or less, shows that the C5 atoms of cytosines in the simulated structure are more accessible to bisulfite than those in any of the other structures: the 1DC0 X-ray structure, canonical B-DNA, and canonical A-DNA. B-DNA cytosines are more accessible than those in A-DNA, presumably because displacement into the minor groove in A-DNA prevents approach towards the C5 position by bisulfite. The 1DC0 structure shows intermediate accessibility, consistent with its mixed B/A character. Predicted allowable SO 3 (representing the assumed reactive species in the bisulfite reaction) positions in probing of position 5 in the six C bases in the d(G 6 G 5 G 4 C 1 C 2 C 3 )•d(G 3 G 2 G 1 C 4 C 5 C 6 ) region (C = green, G = red) in a structure from a molecular dynamics simulation. The structure is the same as that shown in Figure 6B . The SO 3 probe (S = yellow, O = red) occupies positions on the 3' face of each cytosine. The probing calculation was performed independently for each cytosine base.
Supplementary Figure Legends

